ABSTRACT: Forty-eight pigs were fostered at 2 to 9 h or a t 2, 4, or 7 d of age to determine age-related differences in the behavioral interactions between fostered pigs, resident pigs, and the sow during the first 6 h after fostering. Pigs were fostered in pairs to sows with litters of comparable age. In each test, the two fostered pigs and two resident pigs of similar body weight were observed for 6 h, and rate of ambulation, successful and unsuccessful suckling attempts, vocalizations, and approaches to within a body length of the sow's snout were recorded. Sniffs and aggression directed at the fostered and resident pigs by the sow were also recorded. Eleven of 12 pigs fostered at 2 to 9
Introduction
Fostering is an important management tool for reducing preweaning mortality in young pigs. Pigs can be moved from large to smaller litters to equalize litter numbers, and pigs can also be transferred between litters to improve uniformity of body size (Gardner et al., 1990) . Horrell and Bennett (1981) and Horrell ( 19 8 2 ) reported the effects of fostering on pig growth and behavior when initiated after the teat order has been established. Pigs fostered at 1 wk of age compete with resident pigs for preferred teats and(or) may show withdrawal syndrome characterized by failing to suckle when contacting an unoccupied teat. They may also exhibit apparently aimless wandering about their enclosure, often while uttering a grunt-like squeal and rearing on enclosure walls as if attempting to escape. Certain sows may terminate suckling bouts prematurely in response to pig squeals and competition for teats (pig-pig aggression). Also, J. Anim. Sci. 1994 . 72:1697-1701 some sows may respond aggressively toward fostered pigs. Horrell and Bennett (1981) reported that the disruption to the sow and litter caused by fostering at 1 wk of age reduced growth rates during the week after fostering to .79 of that of their unfostered littermates. Pig producers are encouraged to foster pigs within 24 h of birth, but the behavioral responses of pigs when they are fostered during this period have not been studied in detail. The following investigation describes and compares the behavioral interactions between fostered pigs, resident pigs, and the sow during the first 6 h after fostering at 2 to 9 h or 2, 4, or 7 d of age. "resident" pigs of each experimental sow were selected for observation based on their similarity in body weight to the pair of foster pigs presented to her ( Table 2) . Fosterings were initiated a t approximately 1030, shortly after the sow's mid-morning feeding. The two fostered pigs, two resident pigs, and the experimental sow were observed for 6 h starting with the introduction of the foster pigs. The four pigs were marked with colored crayon to permit rapid identification. The two foster pigs were returned to their natural mother at the end of the 6-h observation, before the sow's evening feeding.
Materials and Methods
Pigs were not fostered more than once, and sows did not serve as foster mothers more than once. No more than two pigs were fostered from any litter, except in one instance in which two pairs were fostered 7 d apart. Fostering was not preceded by a period of separation and fasting to avoid the potential detrimental effects of this experience on the rate of adaptation to the foster mother (and environment) and to more closely simulate circumstances typically associated with fostering in commercial piggeries.
Fostering between adjacent farrowing crates was not permitted to reduce the likelihood that auditory and olfactory cues from the natural mother would influence the behavior of the fostered pigs. A number of pig behaviors, including ambulation (walking or running), standing immobile, suckling attempts, and successful suckling, were observed via instantaneous sampling (Martin and Bateson, 1986) on a roundrobin 3-min cycle (120 observations per animal per 6-h test). Other behaviors were recorded whenever they occurred ("all occurrences"), including the number of times each pig approached to within a body length of the sow's snout and the events associated with each nursing bout and milk ejection. A nursing bout commenced when the sow assumed the nursing posture (lateral recumbency) and 40% or more of the pigs in the litter had made contact with the udder. The nursing posture was normally accompanied by rhythmic grunting. For each nursing bout the observer recorded 1) the time the bout began, 2 ) whether milk ejection occurred, and, if so, the time it began, 3 ) the identity of the last two pigs to contact the udder, and 4 ) whether each of the four designated pigs suckled or made suckling attempts before, during, and a h r milk ejection. A pig qualified for suckling if it exhibited sucking (mouth) movements on the same nipple for five or more continuous seconds. The commencement of milk ejection was identified by accelerated rhythmical grunting of the sow and by accelerated sucking (mouth) movements by the pigs (four to five per second). The observer also recorded all bouts of vocalizations (mostly squeals and growls) emitted by each of the four pigs. Vocalization bouts were separated by three or more seconds. When a fostered or resident pig approached within a body length of the sow's snout, the observer recorded whether the sow exhibited vocalizations, sniffs directed at the pig, and(or) attacks (e.g., pushing with snout, biting) directed at the pig. The principle criterion for successful suckling was 5 s or more of suckling during two successive milk ejection periods. Preliminary observations indicated that fostered pigs were likely to meet this criterion only if a teat order had not yet formed or if they had integrated into an established teat order.
The proportions of fostered pigs of each age group that met the successful suckling criterion during the 6-h test period were compared by a chi-square analysis (Siegel and Castellan, 1988) . Data on pig behaviors observed during instantaneous sampling were analyzed by ANOVA (SAS, 1988) for relationships of the pigs to the sow (fostered vs resident) and age of the pigs when fostered. Mean comparisons of pig age groups were made using Bonferroni t-tests following a significant F-test.
Because of the large number of zero scores obtained for the variable "percentage of milk ejections in which pigs were among the last two to contact the sow's udder" and "number of vocalizations," the behaviors of fostered vs resident pigs of each age group with respect t o these variables were compared using the Mann-Whitney U-test. Age-group comparisons for fostered and resident pigs were made with the Kruskal-Wallis one-way ANOVA (Siegel and CastelIan, 1988) .
One-way ANOVA were used to compare the four populations of sows (four fostering ages) with respect to parity, litter size, number of nursing bouts, and number of milk ejections. The Wilcoxon Signed Ranks Test (Siegel and Castellan, 1988 ) was used to compare the percentage of approaches by fostered vs resident pigs that elicited sniffing by the sow. The Fisher Exact Test (Siegel and Castellan, 1988 ) was used to compare the proportion of sows in the four groups that directed aggression toward fostered and resident pigs.
Results
More pigs met the criterion for successful suckling and did so at a faster rate if fostered within 9 h of Figure 1 . Cumulative number of pigs that had met the criterion for successful suckling within 6 h of being fostered at 2 to 9 h or 2, 4, or 7 d after birth. birth than at 2, 4, or 7 d of age ( P c .005; Figure 1 ). Time to attain suckling success at the latter three ages did not differ within the 6-h time limit imposed. Table 3 presents the average number of observation samples in which fostered and resident pigs representing the four age groups engaged in various behaviors and the results of the statistical analyses. Ambulation rate was similar for fostered and resident pigs of the youngest age group (2 to 9 h). However, ambulation increased with age for the fostered pigs while remaining relatively constant for the resident pigs. Fostered pigs ambulated nearly three times as much as resident pigs at 4 and 7 d of age.
Total number of approaches made by the pigs to within a pig body length of the sow's snout followed a pattern similar to general ambulation. The number of approaches by the four age groups of resident pigs and the youngest age group of fostered pigs were consistently low and did not differ ( P > .lo). The number of approaches by the fostered pigs increased with age ( P < .05).
Fostered and resident pigs did not differ in time spent standing (immobile). Both groups stood immobile more at 7 d than at the three younger ages. Suckling attempts were most common in pigs fostered within 9 h of age. Suckling attempts did not differ for the remaining seven pig samples. Fostered pigs were observed suckling in fewer observations than resident pigs for all but the youngest age group. Both fostered and resident pigs suckled more at 2 to 9 h than at the older ages; suckling frequency did not differ for the three older age groups.
Fostered pigs were more likely ( P < .01) than resident pigs to be among the last two animals to contact the sow's udder during milk ejections at all ages except 2 to 9 h ( Table 3 ) . The percentage of milk ejections in which fostered pigs were among the last two pigs t o contact the udder was greater at the three . aData based on number of scan sampling observations in which pig was engaged in various behaviors. Each pig was observed every 3 min bSuckling attempts were defined as failure to maintain control of a teat for 5 s. c*d,e,fsgRow x column means (each variable) that do not share any superscript in common differ at P < .05 (first five variables only).
during 6-h period (120 observations per pig per test).
older ages ( P < .001; Table 3 ). Age of the resident pigs observed did not affect their behavior with respect to this variable ( P > .90; Table 3 ) . Fostered pigs vocalized more frequently ( P < .001) than resident pigs at all ages except those fostered at 2 t o 9 h ( Table 3) . Age affected the rate of vocalization of fostered pigs ( P < .001) but not that of their resident counterparts ( P > .BO). Fostered pigs vocalized less at 2 to 9 h than a t 4 and 7 d ( P < .05); the vocalization rate of 2-d fostered pigs was intermediate. In addition to vocalizing, one 4-d and three 7-d fostered pigs reared up on the wall of the farrowing crate. This behavior was not displayed by any resident pigs.
The four groups of experimental sows did not differ in total number of nursing bouts ( P > ,451 or total number of nursing bouts with milk ejection ( P > .20; Table 1 ). Sows did not differ in olfactory investigation of fostered and resident pigs. The percentage of pig approaches (within a body length of the sow) in which the pig was sniffed by the sow was similar ( P > .lo) for fostered and resident pigs a t all four pig ages (Table 1) .
There was a slight tendency ( P < .12) for more sows to exhibit aggression toward fostered pigs at 2, 4, and 7 d than at 2 to 9 h (Table 1 ). The number of sows that exhibited aggression toward resident pigs was uniformly low at all pig ages. When it occurred, sow aggression typically involved physical displacement of the pig with her snout (i.e., shoving); biting was rare and none of the pigs involved was injured.
Aggression between fostered and resident pigs was limited to competing for teats in the three older age categories. Some fostered pigs at 2, 4, and 7 d of age were very passive when challenged at a teat and immediately withdrew from the udder.
Discussion
The results supported the conclusion that pigs fostered at 2 to 9 h integrated quickly into their new sow-litter environment, whereas pigs fostered at 2, 4, and 7 days of age reacted adversely. This was evident in the latter groups by their greater reluctance to engage in suckling and by behaviors that reflected a general restlessness or agitation, including increased ambulation, more frequent vocalizations, and, in a few cases, rearing on the wall of the farrowing crate. Horrell (1982) referred to this complex of responses as the "wandering-squealing syndrome." Pigs fostered at 2 t o 9 h of age behaved like resident pigs of comparable age, in all respects. Dellmeier and Friend (1991) discuss the strong affinity shown by young pigs for their birth site. Horrell and Hodgson (1986, 1992) demonstrated that pigs exhibit some evidence of preferring their own home environment (i . e., farrowing pen including sow ) over an alien pen as early as 11 to 18 h postpartum; this preference is well-developed by 24 to 36 h. The adverse response and relatively slow adaptation of the 2-, 4-, and 7-d-old fostered pigs in the present study was likely reinforced by aggressive behaviors invoked when fostered pigs attempted to suckle from the preferred teats of resident pigs and by sow aggression sometimes elicited when fostered pigs passed in front of their snouts. In contrast, 2-to 9-h pigs did not have to compete for teats (there was no observable teat order) and the foster sow did not respond aggressively t o them. The relative importance of being placed in a novel environment and being exposed t o a novel sow is not known. Moving the foster sow and her resident litter to the fostered pigs (i.e., keeping the physical environment of the fostered pigs constant) could provide some information on this question. Although sows can be aggressive toward unrelated pigs (Jensen, 1986) , not all sows are intolerant (Table 1) . Sows can be quite accepting of alien offspring (Newberry and Wood-Gush, 1986; Dellmeier and Friend, 19911 , in contrast to most monotocous ungulate species. None of the fostered pigs attacked by sows in the present study was injured, but, of course, the mobility of the sows was limited.
Differences in suckling success at the four pig ages were not due to differences in sow parity, litter size, number of nursings and number of nursings with milk ejection (Table 1 ). In addition, differences in suckling success at the four pig ages were not due to body weight or age differences between fostered and resident pigs (Table 2) . Differences in sow aggression directed at fostered and resident pigs when 2, 4, and 7 d of age could nor. be explained by greater attentiveness to fostered young. Sows sniffed fostered and resident pigs at a similar rate when they approached her head (Table l ) , a finding also reported by Horrell (1982) .
Some pigs fostered at 2, 4, and 7 d of age reacted more adversely than others. Elucidation of the factors involved could aid swine breeders in selecting pigs for fostering that would adapt most readily to their new environment.
Permanent fostering (i.e., until weaning) was not possible because of other research investigations in progress. Considering the relatively rapid and complete adaptation of the pigs fostered at 2 to 9 h as opposed to 2, 4, and 7 d of age and the fact that other investigators have documented the effect of fostering on pig growth and behavior after the teat order has been established (Horrell and Bennett, 1981; Horrell, 1982) , it is unlikely that fostering beyond 6 h would have provided any additional information. Furthermore, it would have prolonged the stress associated with fostering in the older pigs. The 6-h observation period in the present study was sufficient to document the adaptation of the 2 to 9 h group to their foster mother and environment.
Comparable data from undisturbed litters was not collected because preliminary observations revealed that resident pigs at all ages did not respond differently in interactions with fostered pigs and other residents. Resident pigs behaved similarly at all four ages in spite of age-related differences in the behavior of the fostered subjects.
Implications
Transferring pigs between litters is an important management tool for equalizing litter sizes and achieving uniformity of body size within litters. Pig fostering after 2 d of age is accompanied by certain behavioral indices of stress such as reluctance to suckle, increased ambulation, vocalization, and other adverse responses to their new environment and dam. The present study demonstrates that fostering initiated before 9 h of age is not accompanied by these maladaptive behaviors. Sows in farrowing crates have little or no role in determining fostering success.
